Background {#Sec1}
==========

Chronic hepatitis B virus (HBV) infection remains a major global public health problem, although effective vaccines and antiviral therapy have been carried out \[[@CR1]\]. HBV infection is a major cause of liver cancer and cirrhosis of the liver \[[@CR2]\], it is one of the most prevalent infectious diseases in mainland China. More than 130 million people are chronically HBV infected, comprising a third of HBV carriers worldwide \[[@CR3]\]. The demand for surgical treatment of degenerative diseases, including joint replacements, is expected to grow in aged patients with HBV \[[@CR4]\].

Total joint arthroplasty (TJAs) increases in a dramatic speed as the Chinese population ages \[[@CR5]\]. The total knee replacement and total hip arthroplasty increase rapidly in China and the number of the operation is over 40,000 per year \[[@CR6]\]. With the rising number of TJAs, the number of complications during TJA operation also increases. It has been recognized that there was a need to improve the identification of risk factors and comorbidities associated with complications in order to prevent the social and financial burdens in TJA patients.

Studies revealed an increased hospital stay, mortality, readmission, reoperation and expenses in TJA patients with cirrhosis than those without cirrhosis \[[@CR5], [@CR7]--[@CR9]\]. Furthermore, hepatitis C infection is an increasingly common comorbidity among patients receiving TJAs \[[@CR4]\]. However, very few studies showed the effect of HBV infection on the complications of joint arthroplasty \[[@CR10]\]. In this study we employed the hospital follow-up database to address this problem and to investigate the hypothesis that HBV infection increases the risk of adverse outcomes in TJA perioperation. Specifically, we can also evaluate basic characteristics of the HBV infection among the patients undergoing TJAs.

Methods {#Sec2}
=======

Data source {#Sec3}
-----------

Huashan Hospital follow-up system (HSFS) is a database established for the inpatient and outpatient from 2013. The HSFS comprises complete medical records. HSFS adopts International Classification of Diseases, 9th Revision, Clinical Modification (ICD-9-CM). All data are anonymously analyzed. The informed consent was written by each of the patients and their guardians. The institutional review boards (IRB) at Fudan University Huashan Hospital approved this study protocol.

Patients {#Sec4}
--------

The TJAs cohort was established and patients undergone primary total knee arthroplasty (TKAs) and total hip arthroplasty (THAs) following ICD-9-CM codes were recruited from 2013 to 2016 in Huashan Hospital (Shanghai, China). All individuals who were HBV infected before the TJAs were identified using the ICD-9-CM codes. Furthermore, we excluded patients with human immunodeficiency virus (ICD-9-CM 042) or hepatitis A, C, D, or E virus infection (ICD-9-CM 070.x) to reduce the confounding of HBV infection. Patients with missing data for one or more matching variables were not included. For the safety of surgery, we recommended that all patients with acute recovery HBV should undergo anti-viral therapy before surgery. Therefore, the patients recruited were all virus-carrying or stable HBV after treatment.

We established a non-B hepatitis cohort to match the case cohort with the aim of reducing the effect the demographic characteristics on the study results. We divided patients into two cohorts, as follows: 1) a case cohort of patients with hepatitis B who underwent TJAs, and 2) a non-hepatitis B cohort matching the case cohort adapted method \[[@CR4]\] to identify three controls for each patient with hepatitis B. General anesthesia was used in all the patients. Demographic characteristic data were collected from the medical system designed by Microsoft Corporation, including age, gender, and prevalence of comorbidities. By chart review and telephone, these variables were confirmed again for the details. Particularly, regarding a few variables involving postoperative complications that may not be obtained from the system, the regular telephone follow-ups in the outpatients were performed as supplements. We also employed the Deyo scoring, which was a clinical comorbidity index used with ICD-9-CM to evaluate comorbidity variables \[[@CR11]\]. The 17 comorbidities (with the point value in parentheses) are as follows:congestive heart failure (1 point)peripheral vascular disease (1 point)dementia (1 point)cerebrovascular disease (1 point)chronic pulmonary disease (1 point)rheumatologic disease (1point)peptic ulcer disease (1 point)mild liver disease (1 point)past myocardial infarct (1 point)uncomplicated diabetes (1 point)hemiplegia or paraplegia (2 points)renal disease (2 points)malignancy including leukemia and lymphoma (2 points)diabetes with end-stage organ damage (2 points)moderate or severe liver disease (3 points)metastatic solid tumor (6 points)human immunodeficiency virus (HIV) infection (6 points)

Patients whose comorbidities were absent received a score of zero points. We divided patients into three groups, as follows: Deyo score categories of 0, 1, and 2 points.

The matched cohort was chosen by using the matching criteria, as follows: year of surgery, surgical procedure, age, sex, surgically treated joint and surgeon. Each matching cohort (one patient with hepatitis B and three matched controls) was obtained based on a stratification number in the conditional regression modeling. Laboratory tests, including hepatitis biomarkers, hemoglobin (Hb), erythrocyte sedimentation rate (ESR), white blood count (WBC), platelet (PLT), aspartate aminotransferase (AST), alanine aminotransferase (ALT), and C-reactive protein (CRP) were extracted as variables. Aspartate aminotransferase to platelet ratio index (APRI) is a tool applied to evaluate the stage of cirrhosis. The formula of APRI shows as following:$$\documentclass[12pt]{minimal}
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We collected the medical and surgical complications as outcome values. Medical complications include death during admission, acute myocardial infarction and many other major common complications. The detailed information was shown in the Table [2](#Tab2){ref-type="table"}. Surgical complications include wound complications, periprosthetic infection, irrigation and debridement, and postoperative dislocation \[[@CR4], [@CR12]\]. All the 196 patients were evaluated clinically and radiologically.

Statistical analysis {#Sec5}
--------------------

Pearson Chi-square analysis was used to analyze the demographics of the full, unmatched cohort and the postoperative complications. All matched analyses were unadjusted for covariate, as matching for these variables already had minimized their associated confounding effects. Risk was defined as the 95% confidence interval (CI) of a complication for the two cohorts. All statistical analyses were performed using IBM SPSS Statistics (Version 19 New York, USA). For all the analysis, *P* \< 0.05 was considered statistical significant.

Results {#Sec6}
=======

A total of 879 patients who underwent primary THA and TKA who met the inclusion and exclusion criteria were included in the study. Among all the patients, 338 (38.5%) of these patients underwent TKA and 571 (61.5%) of these patients underwent THA. The hepatitis B cohort was younger (55.07 ± 5.12 years compared with non-hepatitis B cohort (66.81 ± 6.37 years; *P* \< 0.01), with more male patients (53.1% compared with 36.0%; *p* \< 0.01), and has a Deyo score of one (33% compared with 25%; *p* \< 0.01) or two points (16% compared with 7%; *p* \< 0.01) (Table [1](#Tab1){ref-type="table"}).Table 1Demographic characteristics of patients undergoing TJAParameterHBVNon-hepatitis B*P* valueNumber49830Age \[mean (SD)\] Year55.07 ± 5.1266.81 ± 6.37 year*P* \< 0.01BMI \[mean (SD)\] Kg/M\^225.48 ± 2.425.89 ± 3.110.3643Sex*P* \< 0.01 Male262900.0024 Female23540Surgery0.0007 THA19522 TKA30308Deyo score ^a^(points)*P* \< 0.01 051%68% 133%25%  ≥ 216%7%^a^The values are provided as the percentage of patients

Among the non-hepatitis patients, we selected 147 matched control subjects as the HBV(−) group. The total complication rate in patients with hepatitis B (10.2% compared to 4.7%, *P* \< 0.01) was higher than in HBV(−) group, including surgery-related complications (6.1% compared to 3.4%), general medical complications (4.1% compared to 1.3%) (Table [2](#Tab2){ref-type="table"}). Applied with regression models, patients with hepatitis B infection had a 25% increased risk (95% CI, 1.04--1.46; *p* \< 0.01) of total complication compared with HBV(−) group, as well as a similar result regarding medical and surgical complications. HBV carriers had 31% more risk (95% CI, 1.02--1.62; *p* \< 0.01) for medical complication and 18% more risk (95% CI, 1.10--1.26; p \< 0.01) for surgical complication.Table 2Perioperative complications rate and risk for the match cohortHBV (+)HBV (−)*P*-valueOdds Ratio (95% CI)Total complications^a^10.24.7*p* \< 0.011.25 (1.04--1.46)Surgery related complications6.13.4*p* \< 0.011.31 (1.02--1.62) wound hemorrhage41.3*p* \< 0.01 wound disruption00.6*p* \< 0.01 wound infection20.6*p* \< 0.01General medical complications4.11.3*p* \< 0.011.18 (1.10--1.26) pneumonia00.6-- deep vein thrombosis20.6*p* \< 0.01 urinary complication20.6*p* \< 0.01^a^The values are provided as the percentage of patients

Complication rates in patients with HBV infection were compared with matched non-infected subjects in TKA and THA (Table [3](#Tab3){ref-type="table"}). When stratified by gender, the incidence of complications in HBV-infected women was 8.6%, while for women without HBV the complication rate was 7.2%. Similar result was shown in the male that 11.5% of male HBV cohorts and 3.8% of males without HBV were present to have complications. Regardless of the sex, patients with HBV were associated with a higher risk of perioperative complications and length of stay compared with non-HBV infection patients, as were shown in Table [4](#Tab4){ref-type="table"}.Table 3Perioperative complications rate and risk for the match cohort in TKA and THATKATHAHBV (+)HBV (−)*P*-valueHBV (+)HBV (−)*P*-valueTotal complications^a^10%4.4%*p* \< 0.0110%5.2%*p* \< 0.01Surgery-related complications6.7%3.3%p \< 0.015%1.7%*p* \< 0.01General medical complications3.3%1.1%p \< 0.015%3.5%*p* \< 0.01^a^The values are provided as the percentage of patientsTable 4Incidence of complications in different gendersFemaleMaleHBV (+)HBV (−)*P*-valueHBV (+)HBV (−)*P*-valueTotal complications^a^8.67.2*p* \< 0.0111.53.8*p* \< 0.01Surgery- related complications4.32.8*p* \< 0.017.61.9*p* \< 0.01General medical complications4.34.4*p* \< 0.013.81.9*p* \< 0.01^a^The values are provided as the percentage of patients

Between the two groups, preoperative data of average hemoglobin, average WBC, and average erythrocyte sedimentation rate did not show statistical differences. AST and ALT were higher in the patients with HBV infection (*P* = 0.12). However, the average C-reactive protein in the hepatitis B virus infection group was significantly higher than the non-carriers (*P* \< 0.01). Furthermore, the average change level of CRP, Hb, and PLT before and after operation was apparently different, and patients with HBV infection had more considerable change (Table [5](#Tab5){ref-type="table"}).Table 5Perioperative and Postoperative Data for Hepatitis B and Control GroupsHBV (+)HBV (−)*P*-valuePreoperativePostoperative△Change^a^PreoperativePostoperative△Change^a^Hb^b^ g/L12710522125109160.23WBC 10\^9/L6.3415.439.097.5414.326.780.56PLT 10\^9/L18816622196173230.34ESR mm/h102515823150.25CRP mg/dL4343052621*P* \< 0.01AST U/L45472233070.06ALT U/L556510262710.04 0--125119 1--21520 \> 298^a^Change = Preoperative- Postoperative^b^*Hb* hemoglobin, *WBC* white blood count, *ESR* erythrocyte sedimentation rate, *PLT* platelet, *AST* aspartate aminotransferase, *ALT* alanine aminotransferase, *CRP* C-reactive protein, *APRI* Aspartate aminotransferase to platelet ratio index

When stratified by APRI, the total complications rate was significantly higher in the APRI score of two or greater than that in the APRI score of zero to one (29.4% versus 1.4%, *P* \< 0.01). The group of APRI score of 1--2 showed no significant difference when compared with the other two groups, as shown in Table [6](#Tab6){ref-type="table"}.Table 6Correlation of APRI score with complication ratesAPRI0--11--2\>  2Odds Ratio (95% CI)Total number1443517--Total complications2552.23 (1.47--3.02)P~1~--~2~ value\*P~1~--~2~ = 0.32--P~2~--~3~value\*\*P~2-3~ = 0.211--P~1~--~3~value\*\*\*P~1~--~3~ \< 0.05--\*P~1--2~ referred to the comparison between the group of APRI score of 0--1 and 1--2, \*\*P~2--3~ referred to the comparison between the group of APRI score of 1--2 and \> 2, and \*\*\*P~1--3~ referred to the comparison between the group of APRI score of 0--1 and \> 2

Discussion {#Sec7}
==========

China has a considerable number of HBV infection cases, approximately accounting for 8.76% of the population \[[@CR13]\]. Moreover, China is simultaneously a country in great need of TJAs. With the improvement of treatment and prevention on HBV, the prevalence of HBV infection in China has appreciably decreased in recent years. However, the cumulative number of patients with hepatitis B is still enormous. Nevertheless, few studies have assessed the impact of HBV infection on the clinical outcomes after total joint arthroplasty operation. Our study aims to address and evaluate basic characteristics of the HBV infection in TJA patients, as well as the difference regarding outcome after TJAs. In our study, a high HBV infection rate is shown among TJAs, and HBV infection is associated with high complications and CRP level. HBV infection is an independent risk factor for complications of the arthroplasty operation.

In our literature review, only one study evaluated the effect of HBV infection on periprosthetic joint infections (PJI) after TKAs among 4196 patients. The author reported that HBV infection was regarded as a risk factor for PJI after TKAs among men; however, it was not a risk factor among the females. In their study, among 124 patients with HBV infection, 2.96% of all the patients underwent TKAs. In our study, we reported a significantly high HBV infection rate of 5.5% of all the TJA patients. This is the first report regarding the rate of HBV infected TJA patients in mainland China which was not only classified by the ICD-9-CM but also confirmed by the lab test. Although the population is small, considering the potential of the outcome after TJAs, more attention should be provided to the special group.

HBV infection appeared to be a more important risk factor for complications in TJA and was independent from other factors. Kuo \[[@CR10]\] showed that the risk of PJI in HBV-infected males increased by 4.32-fold compared with men without HBV. We confirmed the significant effect of HBV infection, indicating that HBV might increase the rate of complications after TJAs. Sex and surgical methods did not change the effect of HBV in the subgroup by stratification analysis. Furthermore, patients with HBV infection showed a 25% increased risk of total complication, 31% increased risk of surgery-related complications, and 18% increased risk of general medical complications compared with the match non-infected group using regression models. However these findings were not in agreement with the Jiang et al.'s result \[[@CR5]\], in which HBV was found to be not independently associated with periprosthetic joint infections. In the subgroup analysis, we did not find any difference between the surgical methods as well as sex. However, we found significant difference in CRP level between HBV and matched non-infected group. A previous study has reported that persistent CRP levels ≥29 mg/L predicted bad outcomes independently of age, MELD, and co-morbidities \[[@CR14]--[@CR17]\]. In other aspects, HBV infection changes the immune functions, especially when the liver suffers from fibrosis \[[@CR18]\]. C-reactive protein is considered associated with HBV replication, liver related damage, and fibrosis, and serum CRP may be a marker for the diagnosis of liver fibrosis in patients with HBV \[[@CR18], [@CR19]\]. Furthermore, Joo \[[@CR20]\] reported that HBsAg-positive subjects had a higher incidence of thrombocytopenia than healthy controls (11.2 vs 1.9 per 1000 person-years, respectively). Strong associations between HBsAg positivity and thrombocytopenia were consistently observed across prespecified subgroups. The low platelet counts reduce the coagulation function \[[@CR21]\] and therefore the secondary changes after HBV infection may be the reason for the increase in the complication rate in the HBV infection group \[[@CR17], [@CR20], [@CR21]\].

Chronic hepatitis B virus infection is still the main cause of cirrhosis in China, with average annual decompensated liver cirrhosis of 3%. Considering that numerous patients had no idea that they had been infected by HBV, we also used the APRI scores to assess the severity of liver fibrosis in all patients, aiming to obtain a more accurate liver fibrosis status. High APRI scores predicted a high complication rate in our study (*P* \< 0.05), and APRI score two posts a percentage of 29.4% in all the patients indicating that severe live fibrosis leads to high complication rates.

A few limitations exist in our study. First, the sample was small because we collected the information of target patients from 2013 to 2016. However, our study is the first to evaluate the impact of HBV infection on the outcome of TJAs, providing an initial description of complications in TJAs caused by HBV. Second, we could not match all the controlled variables; however, we selected the matched group by a random matching criterion to reduce the selected bias. Third, the clinical history collection system is not perfect to include all the information; hence, a few diagnoses may be underreported. In addition, the dataset used for this study was restricted to medical and diagnoses recorded during the time of hospital stay, which could not provide complete long-term outcomes. In addition, we obtained other outcomes by following-up in the outpatient or by telephone. Another limitation in our cohort is that we could not distinguish if the patients were experiencing acute or chronic HBV infection. However, we confirmed the HBV infection status by clinical laboratory values, providing a more accurate diagnosis than the previously reported study which depended on the code system \[[@CR22]\].

Conclusions {#Sec8}
===========

This is the first analysis of the risk of postoperative complications of primary TJAs in Chinese patients with hepatitis B virus infection. Our study shows an increased risk of multiple perioperative complications. In consideration of the large population of HBV infection in China, more attention should be provided to patients with HBV infection who need to undergo TJAs. We suggest a national study to identify the relationship between HBV infection and TJAs to further provide substantial medical analysis to prevent the complications.
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